Appi No 10/045 673 BEST AVAIUBLE COPY 

Amdt. dated: September 20 , 2004 
Reply to Office Action of June 8, 2004 

REMARKS 

Claims 1-21 are pending in the application. Claims 1-8 are withdrawn from 
consideration as being drawn to a non-elected invention, and Claims 9-21 are rejected. By the 
present amendment, Claims 1-8 and 21 are canceled without prejudice or disclaimer, and Claims 
9, 11, 12, 13, and 15-20 are amended. By the present amendment, new Claims 22-40 are added. 
As the specification, including the figures, support the amendments and new claims, the 
amendments and new claims add no new matter. 

In view of the above-described amendments and following remarks, reconsideration of 
claims 9-20, and consideration of new claims 22-40 are respectfully requested. 

§112 Rejections 

Claims 9-16 are rejected under 35 USC §112, first paragraph, "because the specification 
while being enabling for activated form of vitamin D binding protein (ADBP) and f^DBP (SEQ 
ID N0:1) does not reasonably provide enablement for one or more DBP peptides and 
combinations thereof." (See last paragraph on page 2 of the Office Action.) 

Claim 9 as amended recites a method of increasing bone density in a subject in need of 
the same by administering ADBP. As the Patent Office has stated, such method is enabled. 
Claims 10 and 17-20 depend from claim 9, and are also enabled. 

Claim 1 1 is amended to recite a method of increasing bone density in a subject in need of 
the same by administering a peptide comprising the first 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, or 14 
amino acids of SEQ ID NO. 1 . The present application provides sufficient guidance for one of 
ordinary skill in the art to make such peptides. Moreover, the present application shows that 
administration of such peptides increases the total bone density, trabecular bone density, or 
cortical bone density in newborn or adult rats, (See Figures 2, 8, 9, 10 ,1 1, and 12 of the present 
application.) That the claimed peptides can be used for this increasing bone density in a 
mammalian subject is fiirther confirmed by the studies described in the articles authored by one 
or more of the named inventors, and attached hereto as Appendices A, B, C, D, E, F, and G. 
Claims 12-16 depend from claim 1 1, and are also enabled. 



6 



AppL No. 10/045,673 

Amdt. dated: September 20 , 2004 

Reply to Office Action of June 8, 2004 

Accordingly, Applicants submit that the rejection of claims 9-16, as not being enabled 
should be withdrawn. 

Claim 21 is rejected under 35 USC § 1 12, second paragraph as being indefinite. Although 
applicants do not agree with the Patent Office's assessment regarding the definiteness of Claim 
21, Claim 21 has been canceled in order to expedite prosecution of the present application. 
Accordingly, the rejection is moot. 

§ 103 Rejections 

Claims 9-16 are rejected as being unpatentable over Yamamoto (USPN 6,410,269) 
(hereinafter "Yamamoto"). 

Claim 9 has been amended to recite a method of increasing bone density in a subject in 
need of the same by administering ADBP to the subject, and claim 1 1 has been amended to recite 
a method of increasing bone density in a subject in need of the same by administering a peptide 
that comprises the first 3-8 or 10-14 amino acids of SEQ DD NO. 1 to the subject. Yamamoto 
neither teaches nor suggests such a method. Yamamoto recites that the recombinant protein and 
specific peptide taught therein "are to be used for therapy of cancer, HIV-infection and 
osteopetrosis". Thus, the only bone disorder mentioned in Yamamoto is osteopetrosis, a 
condition which, according to Yamamoto, is "characterized by an excess accumulation of bone 
throughout the skeleton..." (See column 4, lines 41-42 of Yamamoto. Emphasis added.). 
Because they have excess bone, patients with osteopetrosis are not in need of a therapy that 
increases bone density. In addition, osteopetrosis is not a disease or disorder associated with 
bone loss or increased activity or numbers of osteoclasts. Rather, osteopetrosis is associated with 
"deficient or dysfunctional osteoclasts". (See column 4, Hnes 51-53 of Yamamoto.) Thus, 
Yamamoto would not motivate one of ordinary skill in the art to treat a patient that has systemic 
or localized bone loss with the recombinant vitamin D binding protein recited in Yamamoto or 
any fi*agment thereof Lacking such motivation, Yamamoto does not render claims 9 or 11, or 
the claims that depend therefi"om obvious. Moreover, Applicants also note that the only peptide 
disclosed in Yamamoto colunrn 2, lines 4-7 and column 8, lines 46-49 is the 80 amino acid 
fi-agment which forms domain III of vitamin D binding protein (See column of Yamamoto)). 
For this additional reason, Yamamoto does not render the method recited in claims 1 1 or the 
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claims that depend therefrom obvious. Accordingly, applicants submit amended claims 9 and 1 1, 
and the claims that depend therefrom are patentable over Yamamoto, and that the rejection 
should be withdrawn. 

In view of the above-described amendments and remarks, applicants submit that claims 

9-20 and new claims 22-40 are allowable. Prompt notice of such allowance is respectfully 
requested. If the Examiner feels that further changes to the application are necessary or if he has 
any questions regarding the amendments or new claims, he is invited to contact the undersigned 
at the telephone number listed below. 



Respectfully submitted. 




Pamela A. Docherty, Reg. No. 40^391 
(216) 622-8416 ^ 
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Aciiu- \ it;imin 0 lnliil)lls Oslooclastoiitrifsis by Inrcrreriny With AP-1/ 
NF-vH Vctiviiy in OstcndiKl Precursors. H. T;>kaMi >' S. TakcJa .*^' A. 
SLiL'ii.i.-' T. Kake .' ' N. KuKm.l "' !-:. O'-MUu ' K. Ikeihi / \\ lVhi\;iiii;L *' 'Fuji 
Goicn.Ki Res. Lub.. Clui^ai Pharniaccuiical Co.. I.kl.. Shi/unkii, Japan. 
^CaiKi-r In.M. Hosp.. Japanese KtuinilaUt»n lor Cancer Rev.. Tokvi). Japan. 
■'Dcpi k \ Gcriairi*.' Res., Natl. hiM. for l.i»nu'cv ity Sc-i.. Aichi. Japan. 

\Vc h,:\c JcinoiMralcil llt.it ;kiiu' ^ il:iinin I) inhibits hi«nc ri'MTjitipn in \ {\o in olrojicn 
di'lKici.: U'lL'nt iiuhIcK pI* Indi turnover iMi'i'piTii'.i'. iJH^tH -i^'^ii. This cunintdicls ihc 
pri.\;iili;-.i.' ni'iuMi ih.ti l.2.'^l)j IilIlkv*'. KANKl. in N'nc ni.im>\v >ntitn.il sjclU. thereby pn»- 
nii'lMii: tiiiiiJ jnii.ii it'll iiiul ;iii«'n d i«>K-ti«.l.iM> //v \iit\: In u* M»bc this ili.wrc|v 
.iti.: Ill wt.nitN llic int\h.iiiivin h> vnIhcIi .uMvc xiiamin I) inhibit^ •»Nk'i>«.l.i>lic bone 
re^v'ipii. :'.. uc c\.iiniiivil llic tlldv • 1* l.-.^l>. • n M-<ici»vlj>l«<^'L'iicsis iiiiliivcJ b\ M-CSI- 
anJ K \\KI. in niiinnc in.mnu vtihiiivs Hone in.ini«u icll> iVmn (>-S-v.fck-»ilil male ihh 
inue w. w ajliurctl unh M l'SI- Wi ^ il.ijs. .iiiJ .idhciciii .irlU ctmsiMcJ mainU nf Kuie 
nuiT.'u :ij.ut*«ph;ti:L- di.M.Mi vm'k- Intilk-r atlt;:ieJ uiih .M-CSF and sK.-XNKI. for addi- 
licn.d '-r d,i\x. T!ie niinilvi iM rR.\l' |MiMii\c nuitiiniielcitcd vcIK (nu'ie llian 3 nuJcil 
o :.!.u-.l .Nddition i»( l.^.'^Pi inliiblu-t! llu- lt>rinali(«n i«r*t>lvi»i.IaMN doNC-di'iX'ndciilly. 
\v:t!i l( :^'lviny lu''M;ind |ii'\1 l.l^l); inhihunii: b\ Tti-Sll';. Plic cvprc^vion ol" VDK 
in H\1M u.»^ o>iil"innciL and 1.250: b.id nn ml.ibil.Tx cMt\l in hi»nc ni;irniw cells Horn 
" \ I>U l-'iit iiitic. (v.intin.u* «»• .» \ I >Kinedi.i!'.\l pHM-^s Addnnm l.l^D;, diirini: llic 
llr-i '*ii.:;-hjd ni»clTi,\ J. ulnic it- ^.o pu-M tkc \uih -KA.NKI . dunni: ihc larrcr luilf peril ul 
tuliv ml.-Siud i'Nieoe!;isn«i:eniMv. .md iie.ilmeni \Mth 1.2.^l>:ilid m«i altl'Li KA.S'K level in 
BMM. -irjije-inii; 1.25h; Jowiistre.nn «•! R WK .leiiNalM-n In K.ASKI.. l*hiiK- 
ph«'i>t.i:i.'n »>! IkB ai Ser .^2 .iliei lu.iiineni wiih *K.\^KI was nut inhibited by l.25Dv A 
n.»\e! \::.!n;tn I) :inaii'i;. I)n-2.\I. ih.it we h;i\e identified ««n the haMN tl* j:realer ability 
!«■ mhi!v \I' l '.\|-'-KB niedi.iieil trin-eiiption i25-.»t»\ «»t l.25l>;» and ue.iker aeliviiy to 
in.!;!.;- \ 1M\ KdepenJeni ir.invtiiptn.M iPIOol 1 . 251 )-.» inhibited ovie«K!.i*t ronnalinn UK 
more p.=\iiil\ dian l.2.'^I); t > beni'j nr'Mi. i.iivini: ihe (^'ssjbilit\ ih.it aeiivc vitaniin 
D mlnbi> .'♦•e.vlaxtoeeneMs b\ jjiteilvrlni: with \l*-l/Nf--vM tuiKlii'n in iKieoclast pre- 
eur^Mi. ;v:,.n!:h hiiulini: io \'D}< In ,.iuk hivinn. ue think thai ihe inajur ;'; r/i<» pharniaeo- 
K'»jie.d .!v!t«Mi t'l .ieii\e n iiainin D u imi \o iiidike K W'KL < "soil 'i in inarr*'\\ stromal cell.s 
biM h> Hi' ihn oMeoela-tie bone resoipinm In aeitni: «»n osie»K.la''l pieenr^ois I 'secds'*! and 
inierlenr.i; \\ nil K.-X.NK xiv:n.dini:. and that ihe lai'er .Ktion prt'\ ide^ an .itir.ieli\e target tor 
de\elop{'ij: new VOK-b:ived drtii:> lor i»«.ieopoio*jv 
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The \t);iholic KITt'Ct of'N itnniin I) Kliulin^ Pn)ltin-M:icropIini:e Aclivalinf» 
FiKhir iDIJP-M.AFl iind ;i Niivel Smi;iI1 Peptide on Bone. Ci. B. Schneider - 
K- .!. Grecco .*' F. F. .SalaJ i.- .S. N. PojmIT .- 'Division o\' Basic .Medical 
Science^. Voriheaslcru (!)hit» I'nivcrsiiics CtOlciic i»f .Medicine. Rooljiiown. 
OH. L'SA. -Depannieni o\ ,Anaioni\ and Cell Bii»loi:>. Temple University 
Schunl oi .Medicine. IMiiladelpbia. I S X. 

\il;in::ii D bindinj: protein -niaerophaiic aelu.iiiiii: factor iDHI'-.M.\F» h.i> previously 
been >lv\vn w sliinuKite bi«ne resi«rption and eorreei the .skeletal defevt> as><tciutcd with 
osieopeiJ -i* HI two non-allelie niuutuuis in r.ii^ This same prtiiein and .i small rragnieni 
oi" '.he pi> lein have now been shown lo deinonMrjte an anabolic clVect on ihe skeleton of 
bo;!i nev.N>ni .ind youns: adiill. intact rals. The novel peptide t'ravn^eni \v.ts symhclieally 
pfovUkeJ b.ised on the human anun** aeid setjueiKe at ihe >iie ot" l:I>cosv lation in the third 
di'inain oi the native protein 'DHI'i The pepiiJe te>ted i> I J ammo a^iJs in length and 
iler.i. ■nvti.!iL-s m) honh>loi;ie> other than to ih.ii reiiion of DBI*. .Newborn r.t!- were injected 
i.p. wiih vihne. peptide lO.-t N»J\ wi.i t»r HBP-.MAF i2 w^'ii hodv wi.i cvcr>- other 
dav irom binh to 14 Jays ol" a^'c. On da\ 16 the r.its were euih:uii/ed and the long bones 
eoIletuJ bone densitometry b\ p^CT. Serum was collected for c\.ilu.tiion of osicoial- 
cin Ie\eN .is .m indication of bone forniati\»n and anne was analy/ed lor deo\>p\ridiiiolinc 
<D;\Ji .is .1 me.i.sure of bone re.soiiMii'n. After two weeks of treatment wiih either the whole 
protein 'DHP-.M.AFt or the .small peptide, bone dens||> was .sienificanilx increased in the 
Ire .Med .siiu;ul> compared to the saline controls. Serum osteocalcin levels were signifi- 
canih cnhanwed and Dpd lexeN in the urine were siynificantlv decreased in the protein and 
^'^pnJe ue.iieJ animals, "^'oune aduh leniale rat.s were given s.c. injeciions of saline or pep- 
tide 'f).- ng i: body wi. or 5 ng'g bodv wt.) e\erv i-iher da> for two week^: two days after 
ihe fiii.d inie> lions, the rats were euihani/.ed and the femurs and itbias collected for bone 
deRsHi.::ii-ir\. Both dusc'; of the peptide resulted in significant increases in bone dcnMly as 
deierniined hv pQCT. \oung aduli r.its were injected l«.^•ally with u single dose of the pop- 
tide ' I ugf i'r saline into the marrow cavity of the di.stal femur. Chic week alter the single 



injection, the K»nes were collected for radiographic and histological evaluation. The saline 
con(rol<( .shiwvcd no evidence ol bone formation, whereas the peptide treated animal.s dem- 
on.Mrated bone development at the mjeciion si-c. These data suggest ilnt DBP-.MAF and 
Ihc .synihetie jvpiide rcprcieni therapeutic i>pp . r;unilie'; for the ireaimeni of a number of 
bone di.sc.ises and skelcLil disorders. Svslennc administration could be used to treat 
osteoporosis and a number of <»iher osteopenias .uul I'K-al adnunistraiion could be effective 
in fractures, bonv defect repairs, spinal surgerv .ind joint replacement. 
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IJSCOHi.Pa Syncrpi/.cs \Nilh the PPA Ry..Selec(ive Ujiand, HRI..49653, to 
Increase Adipoj;enc.sis in Rat Calv;iria Cell Cultures. K. Oizumi . Y, 
Voshiko . J. b-. Aubin . Anatomy and C^ll Bit>K>gy. University of Toronto, 
Toronto. ON, Canada. 

To invesligale the elTeel of l.2.*(0Hl;D; on !i:e conversion of osieoprogcnilor cells into 
adipocytes, rai calvaria iRCt cells were treaied with 1.2.^tOHhD3 and/or BRL-496.*;.>. a 
potent PRARy-selective ligand. Tlieevpression oj PP.ARs and C/EBPs. which are iv^o tran- 
scription fach»r families that regulate adipo».>;e differentiation, was also a<se.s.ved. .^s 
reported pre\ii»usly. l.2.^tOH>sDii induced .idipmryic colonies and adiixvyie marker 
expression, while completely inhibiting bone nodule fi>rmatitm and the expression of most 
Osteobbsl markers in RC cultures: an exception was ihat 1.2.S(0H»;D; increased OPN 
expression at early culture stages. Although the uuerse relationship belwcen osteoblast 
and adip4Vvie m.nker expression and osieobLixi .md adipi»c\te colony formation suggested 
the conversion of osteopr^igenilor cells into aJ:pocvtes. the number of ndipiKMe colonies 
in l,25(()Hi^Drlrcated dishes was much less :r;.:n the number of bone colvMiics'noduIes in 
vehicle-treated dishes. This apparent disciep.mev in tale redireciiim of <isieoprugeniiors to 
adipocytes was altered when RC cells were subjected lo combined trciimcnl vA.ith 
l.2.'^(0Hisl); and BRI.-4yb.S3. which induced .i l.nge number of mature adipocyte colo- 
nies, suggesiing that l.2.SiOH»;!); has dual t\ W< inducing adipocyte maturation in .some 
preadipocvles .md inducing oslci'progenitor cells lo select an adipctcvtc late that is then 
eompleted in iesiM«nse lo the PP.ARg selective ligand. Although both l.2,^tOH)2D;^ and 
BRL-4yh,^.'5 incie.iseil PPARy-md C/KBPo evpicssh.n. HKL-4»^h5.'^ had no eflect on Osteo- 
blast tliflerenii.tl it'll. Mnwever. our data suppo:: ihe hvpnihesis that the inhihilorv' effect of 
l.2.^i()l lisl) ; on osteoblast dilTercnlialiiui is iM^ed «.n il.s iruluclitMi ol OlinPO. which is 
induced eaeiliei lhan I'lVXRy during initiaiioii . ; .uhpogeiiesis. The present study .suggests 
that cominiilevl osieojuogenitor cells in UC' ^^'.l culiuies are lediiecled in fate choice by 
1.2.*»iC)H»-lJ; Imii uiuldgt* iiiaiked coiiversiiMi uiio :naiure adiiHVvies only after com hi na- 
tion ireatmeni wnh i.25it)Hisl), and the I'lWK y selective ligand. 
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Pho.Kphorx lalion of the Ihinuin Mtaniin I) Reeopt(jr hy Protein Kfnu.sc A 
l)o\viire}>iitales l.25(()Ill>I\rtU'pei»(lem Transaetivalion l»y Reducing 
Retinoid \ Receptor [5 Meterodinieri/aiion. J. C. Hsieh . H. T. L. Dana .* 
A. Galliuan . >• G. K. Whiltleld . P \V. Juri::ka . P D. Thompson . C. A. Haussler .* 
M. R. Haussler . Biochemistry A: Molecul.tr Biophysics. Collei:e of Medicine. 
Universiiy of .Ari/ona. Tucson. .-\Z. USA. 

Phosphors I at ion ol the human vitamin D -e.epior chVDRi includes protein kinase C 
(PKCt action at serine-.^ 1 and casein kinase- 11 iCK-lh plu»sphorvIation of serine-20S. 
posiiranslaiional niiKlincatioiis ihat attemiaie .i".d poientiaie receptor activity, respectively. 
Preliminarv work from our hiNmilory .sugge-:ed ihal proiein kinase .A tPK.Ai can also 
pho<phorxiale hX DR between amino acids 13.- .ind 2iH. To elucidate the cxaci PK.A pho^- 
phorx'iation sitef.si ofhN'DR. .i series of C-ler-rinalf> truncated muianis (5l.'^4. 6180. 81 VO 
and 5202) were expressed in transfected COS-" cclK. immunoprecipiiated with \'DR anti- 
body, and incubated with PK.A and j'-PjATP. in viiro. N'isualizaiion of ihc:<e re.lclions by 
SDS-PAGE indicated that the major PKA p:-. »sphorvlaiion site of h\'DR is localized 
lieivvcen rcsiiliies IS()-iyi.l a region thai co!:;..:ns a eluMer of four c<inseculivc serines. 
'*^-Ser-Ser-Ser-.Ser"*^. and a single serine at p -ition 187. These serines were individually 
mutated lo alanine using 6l9(.i hVDR. the luir.e receptor, and S.^1.A/S20SA ito eliminate 
PKC and CK-II .sites) as leinplates. and the rj^ahmg inutani h\'DRs were te.<ted for their 
ability to serve as PK.A substrates, in vitro. The results showed that the SIS2.A mutant 
hVDR was least able to serve as a PK.A sub-:r.:ie. Furthermore, when intact lran.«fected 
COS-7 cells were treated with | '-P]v»rthopho-phaie. the SIS2A mutant disj^aved the larg- 
est reduction in phosphorxlation compared to she oiher alanine-substituled h\'DRs. We 
therefore conclude that serine- 1 S2 is a priniarv PKA phosphorylation site in h\ DR. both in 
vitro and in vivo. ,As a lest of the functional consequence of this phosphorylation event, an 
aspartatc-substiiuied mutant tSI82Di was crej'.ed to mimic the negative charge of a phos- 
phor)-lnted serine. Utili/ing the mammalian two-hvbrid assay, it was obsened that, while 
the SI82A mutant could as.M»ciate normally w::h the retinoid X recepior-p (RXRp) dimeric 
partner. S1S2D was significantly impaired :n this inicr.iction. .Al.so. in cotransfeciion 
assays with a l.25(OHisD3-responsive reporier gene. S1S2A h\DR exhibited normal 
transaetivalion. but the S'l82D mutant posse--ed only 5U^< of wild-type h\ DR activity. 
Taken together, the.se observations stronglv suggest not only that serine- 1 S2 can be a target 
of PKA phosphor) laiion in h\ DR. but that ;r.:- postranslational event mav significantly 
inhibit hVDR dimerization with R.\R(i. iherebv aitemiating the ability of hVDR lo mediate 
l.2.^(0HHD;-dependent tran.sactivation of larg-et genes. 
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EFFECT OF PHARMACEUTICAL BONE GROWTH 
STIMULATION WITH NOVEL ANABOLIC 
PEPTIDES: BIOMECHANICAL AND BONE 
DENSITY MEASUREMENTS IN A RAT MODEL 



Michael J. Askew, *Gary B. Schneider, 
^Kristlna J. Greece, Mason Hsu, Emily Mugler, 
Donald A. Noe 

Hoyt Musculoskeletal Reserch Laboratory 
Summa Health System 
Akron, Ohio 

*Northeastern Ohio Universities College of Medicine 
Rootstown, Ohio 



ABSTRACT 

Pharmaceutical bone growth stimulation holds promise for 
prevention and u^eatment bone disorders, and the enhancement of 
fracture healing. Bone growth hormones have begun to have limited 
clinical use, but can illicit adverse side effects. Recent studies have 
shown that short peptides (less than 15 amino acids) derived from the 
protein sequence of Vitamin D Binding Protein (DBF), can enhance 
bone formation (osteogenesis). These peptides may have potential as 
controllable bone growth stimulators without the adverse side effects 
and cost of bone growth hormones. Rats, injected every other day for 
two weeks with DBF-based peptide fragments ranging from 3 to 13 
amino acids in length, were euthanized and the tibias and femurs were 
scanned by peripheral quantitative computerized tomography (pQCT) 
to detemiine bone density and cross-sectional geometric properties. 
The bones were then tested in three-point bending to determine 
sU'ength and bending modulus. Injection of DBF-based peptides over 
only a 2-week period resulted in significant (p<0.05) increases in bone 
density and material properties in the experimental rat bones in 
comparison to controls injected with saline. The short length of these 
effective peptides suggests their use not only in systemic injections but 
also as clinically convenient pills taken orally for phannaceutically 
induced bone growth stimulation. 



INTRODUCTION 

Pharmaceutical bone growth stimulation holds promise for the 
prevention and treatment bone disorders such as osteoporosis, 
osteopenia, osteopetrosis and osteogenesis imperfecta, and for the 
enhancement of fracture healing and spinal fusion. Suppressors of 
bone resorption and bone turnover such as bisphosponates, which 
inhibit osteoclastic action, are now widely used to treat osteoporosis 
(Brunelli and Einhom, 1998). The anabolic capabilities of bone 
growth hormones, which stimulate osteoblastic activity and bone 
growth, have begun to be exploited to enhance bone consolidation for 
spinal fusion (Khan, et al.. 2002). However, their current clinical use 
is as yet quite limited. A drawback of the general use of bone growth 
hormones is their high processing cost and the risks of unintended and 



adverse side effects that accompany their use (Brunelli and Einhom, 
1998. Khan, ctal., 2002). 

Recent studies of osteopetrosis, a rare and usually fatal disease 
characterized by an abnormal increase in bone density, have shown 
that some forms of this disease may be the result of a defect in the 
biochemical pathway that leads to the expression of human serum 
protein. Vitamin D Binding Protein (DBF). This observation has lead 
to investigation of the potential bone density eiihancing capability of 
DBF. Indeed, it has now been demonstrated thk DBF has anabolic 
effects on bone (Schneider, et al.. 2001). It has also been shown that a 
14 amino acid peptide fragment from the third domain of the protein 
sequence of DBF also has anabolic capabilities (Schneider, et al.. 
2002). The short amino acid length of this anabblic fragment invites 
further investigation of such fragments because of their considerable 
utility in oral medications to treat bone density reducing diseases. The 
purpose of this'*study was to assess changes in bone density and 
mechanical properties resulting from injection of peptide fragments, 3 
to 13 amino acids long, created by single amino acid deletions from 
the previously studied 14 amino acid peptide derived form the protein 
sequence of DBF. 

METHODS 

One hundred and twenty-seven, adult, genetically intact, female 
rats, 7 to 8 weeks old and weighing a nominal 1 80 g, were involved in 
these tests. Ninety-nine of the animals were randomly assigned to 1 1 
experimental groups. Each experimental group consisted of 9 animals 
that were injected subcutaneously every other day for two weeks with 
one of the tested peptides (0.4 ng/g body weight per injection). The 
remaining 28 animds formed the control group, which received 
injections of saline on the same schedule. All animal testing in this 
study was carried out with prior approval of the Institutional Animal 
Care and Use Committee of the Northeastern Ohio Universities 
College of Medicine. 

Two days after their final injections, the animals were euthanized, and 
their lower extremity bones were harvested. The left femur and tibia 
of each animal were stripped of all soft tissue and were scanned by 
peripheral quantitative computerized tomography (pQCT: Noriand 
Stratec XCT Small Animal Bone Densitometer) to determine bone 
density and to determine mid-shaft cross-sectional geomeU*ic 
properties, principally, the area moments and products of inertia. The 
bones were then stored frozen in alcohol prior to mechanical testing. 

The specimens were tested to failure in three-point bending at a 
displacement rate of 5 mm/min on a materials testing system (Model 
812, MTS, Minneapolis, MN). The maximum load and stiffness were 
determined from the load-deflection curve recorded digitally during 
the bending test. The ultimate strength (stress) and the bending 
modulus were calculated from the load-deflection data and the 
previously determined cross-sectional geometries using standard 
formulas appropriate for 3-point bending of a simply-supported beam. 

The bone density and mechanical property results of the 
experimental groups were statistically compared to those of the control 
group by ANOVA, followed by SNK multiple range tests for 
significance (p<0.05). 
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RESULTS 

For both the tibias and femurs, the calculated bending moduli for 
most of the experimental groups were greater than that of the control 
group, but their variances were too large to allow any of the 
differences to be statistically significant. For the tibias» several of the 
experimental groups demonstrated significantly increased (*p<0.05) 
bending strength. Figure L The calculated bending strengths of the 
femurs did not differ among the tested groups. 

Total bone densities for both the femurs and tibias were greater 
than control in most of the experimental groups, as seen in Figure 2 for 
the tibias. The increase was significant (*p<0.05) for some of die 
groups. There was a significant correlation between total bone density 
and bending su^ngth (R = 0.77, p<0.01). Figure 3. There were also 
significant increases in cortical and subcortical bone density, but there 
were no changes in urabecular bone density. The periosteal and 
endosteal circumferences tended to be smaller in the experimental 
groups than in the control group, but the changes were not significant. 



FIGURE 1: 

TIBIAS: Bending Strength / 
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FIGURE 2: 



DISCUSSION 



TIBIAS: Total Bone Density 



This study involved a limited number of test animals per 
experimental group and employed a short dosing period of only two 
weeks. The significant increases in bone density and strength that 
were seen indicate the potential of short amino acid peptides derived 
for the human serum protein, Vitamin D binding protein as bone 
density increasing pharmaceuticals. Additional studies with larger 
numbers of animals exposed to longer dosing periods are warranted. 
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The Anabolic Effects of Vitamin D-Binding Protein- 
Macrophage Activating Factor (DBP-MAF) and a 
Novel Small Peptide on Bone 

Gary B. Schneider,^'* Kristina J. Grecco,^ Fayez F. Safadi,^ 
& Steven N, Popoff^ 

^Division of Basic Medical Sciences, Northeastern Ohio Universities College of Medicine, Rootstown, 
OH; and ^Department of Anatomy and Cell Biology, Temple University School of Medicine, 
Philadelphia, PA 

* Address all correspondence to Dr. Gaiy B. Schneider, Associate Dean for Basic Medical Sciences and Research, Northeastern Ohio Uni^'crsities College 
of Medicine, 4209 State Route 44, P.O. Box 95, Rootstown, OH 44272-0095. 

ABSTRACT: Vitamin D-binding protein-macrophage activating factor (DBP-MAF) has previously been shovm to 
stimulate bone resorption and correct the skeletal defects associated with osteopetrosis in two nonallelic mutations in 
rats. This same protein and a small fragment of the protein have now been shown to demonstrate an anabolic effect 
on the skeleton of both newborn and young adult, intact rats. The novel peptide fragment Mras synthetically produced 
based on the human amino add sequence at the site of glycosylation in the third domain of the native protein (DBF). 
The peptide tested is 14 amino acids in length and demonstrates no homologies other than to that region of DBF. 
Newborn rats were injected i.p. with saline, peptide (0.4 ng/g body vn.) or DBF-MAF (2 ng/g body wt.) every 
other day from birth to 14 days of age. On day 16 the rats were euthanized and the long bones collected for bone 
densitometry by pQCT. After 2 weeks of treatment with either the whole protein (DBP-MAF) or the small peptide, 
bone density was significantly increased in the treated animals compared to the saline controls. Young adult female rats 
(180 grams) were given s.c. injections of saline or peptide (0.4 ng/g body wt. or 5 ng/g body wt.) every other day for 
2 weeks; 2 days after the final injections, the rats were euthanized and the femurs and tibias collected for bone 
densitometry. Both doses of the peptide resulted in significant inaeases in bone density as determined by pQCT. Young 
adult rats were injected locally with a single dose of the peptide (1 |ig) or saline into the marrow cavity of the distal femur. 
One week after the single injection, the bones were collected for radiographic and histological evaluation. The saline 
controls showed no evidence of new bone formation, whereas the peptide-treated animals demonstrated osteoinduction 
in the marrow cavity and osteogenesis of surrounding cortical and metaphyseal bone. These data suggest that DBF-MAF 
and the synthetic peptide represent therapeutic opportunities for the treatment of a number of bone diseases and skeletal 
disorders. Systemic administration could be used to treat osteoporosis and a number of other osteopenias, and local 
administration could be eflfectivc in firactures, bony defect repairs, spinal surgery, and joint replacement. 

KEYWORDS: osteogenesis, osteoinduction, osteoporosis, osteopenia, bone formation 



L INTRODUCTION 

Vitamin D-binding protein (DBP) is a serum 
protein that, through a series of enzymatic cleav- 
ages, can be converted to an immune system 
regulator, vitamin D-binding protein-macrophage 
activating factor (DBP-MAF) (Yamamoto and 
Homma, 1991). The DBP, also known as group- 
specific component, has one vitamin D-binding 
site in the first domain of the protein that binds 
vitamin D metabolites in plasma (Haddad and 



Walgate, 1976), but it also has the ability to bind 
actin and a number of other agents with equal 
affinities (Van Baelen et al., 1980; Haddad, 1982). 
The human DBP has a molecular weight of 
approximately 58,000 and can be divided into 
three domains. The third domain (at the c-termi- 
nus of the molecule) contains an important 
glycosylation site. This O-linked glycosylation 
contains sugar residues that can be cleaved by an 
inducible p-galactosidase produced by B lympho- 
cytes and an inducible sialidase produced by 



1045-4403/03/$5.00 

© 2003 by Begcll House, Inc. 



277 



T lymphocytes in response to inflammation 
(Yamamoto and Homma, 1991; Viau et al., 1983; 
Yamamoto and Kumashiro, 1993), When this 
modification of the protein occurs, the resulting 
molecule becomes a potent activator of macro- 
phages, DBP-MAF. 

A relationship between DBP-MAF and the 
skeletal system has been established based on a 
series of experiments involving osteopetrotic 
mutant rodents. Osteopetrosis represents a hetero- 
geneous group of bone disorders characterized by 
an increase in skeletal mass and a variety of defects 
associated with the immune system (Popoflf and 
Schneider, 1996; Schneider et al, 1998). Two 
nonallelic mutations in the rat, osteopetrosis {op) 
and incisors absent {id) demonstrate independent 
defects in the cascade involved in the inflamma- 
tion-primed conversion of DBP to DBP-MAF 
(Yamamoto et al., 1994). Ex vivo-gtVitT^ttA hu- 
man DBP-MAF corrects these macrophage de- 
fects in both mutations (Popoff and Schneider, 
1994). Because this macrophage activator could 
also potentially play a role in the pathogenesis of 
the osteoclast dysfunction in these two mutations, 
the eflfects of DBP-MAF on the skeletal system 
was evaluated. Newborn ia and op rats were treated 
for 2 weeks Mrith human DBP-MAF, and a num- 
ber of skeletal parameters were evaluated. 
DBP-MAF-treated op rats had increased numbers 
of normal-looking osteoclasts and reduced bone 
volume. The treated ia rats had enlarged marrow 
cavities and normal-looking osteoclasts, which 
demonstrated normal levels of superoxide produc- 
tion (Schneider et al., 1995). These studies dem- 
onstrated that the skeletal defects in these mutations 
could be improved with exogenous DBP-MAF. 

The above findings led to a series of experi- 
ments to help establish the mechanism by which 
the DBP-MAF was influencing the skeletal sys- 
tem. The most obvious explanation was that, as 
its name implies, the vitamin D-binding protein 
was carrying vitamin D metabolites that were 
influencing the bone cells. On the basis of the 
quantities (picograms per whole animal) of DBP- 
MAF that elicited a skeletal response in the osteo- 
petrotic mutants, this did not appear to be a viable 
explanation. In vitro studies of osteoclastic activity 
in the presence of numerous forms of DBP-MAF 
confirmed this point. Osteoclast activation was 
the same whether or not the vitamin D-binding 



site of the DBP-MAF was occupied (Swamy et al., 
2001). This study further suggested that the influ- 
ence on the skeletal system by DBP-MAF most 
likely resided in the region of the native protein 
conversion to DBP-MAF — at the glycosylation 
site in the third domain of the protein. 

The in vitro studies cited above (Swamy et al., 
2001) included dose/response evaluations. The 
dose of DBP-MAF that elicited the greatest bone 
resorbing activity in vitro was subsequendy used in 
an in vivo study of newborn ia and normal rats. 
Contrary to the results of our first study involving 
the treatment of ia rats, which demonstrated 
enhanced bone resorption, the higher dose of 
DBP-MAF actually stimulated osteogenesis. This 
anabolic effect of DBP-MAF in normal newborn 
rats led to the studies described in this article. 



II. MATERIALS AND METHODS 

A. Animals 

The rats used for the newborn studies described 
were obtained from a breeding colony at the 
Northeastern Ohio Universities CoUege of Medi- 
cine. This is a breeding colony of wild-type Nor- 
way-Hooded rats of the Long Evans strain. These 
are the wild-type stock of the ia/ ia mutation. The 
adult studies were performed on young adult fe- 
male rats (Charles River Laboratories, Inc., 
Wilmington, MA. Strain Crl: CD®(SD) IGSBR), 
which all weighed approximately 180 grams at the 
onset of the study. All animals were maintained 
and used according to the principles in the NIH 
Guide for the Care and Use of Laboratory Ani- 
mals and the specific guidelines estabUshed by the 
lACUC committees at the Northeastern Ohio 
Universities CoUege of Medicine and Temple 
University School of Medicine. 

B. Systemic Treatment of Animals 

1. Newborn Systemic Studies 

Newborn rats, both male and female, were injected 
intraperitoneally with saline, a 14 amino acid pep- 
tide (0.4 ng/g body wt.), or DBP-MAF (2 ng/g 
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body wt.) every other day from birth until 14 days 
of age. On day 16, the rats were euthanized and 
the long bones in the hind limbs were collected for 
bone densitometry. 

2. Adult Systemic Studies 

Young adult female rats (180 g.) were given subcu- 
taneous injections of saline or a 14 amino acid 
peptide (0.4 ng/g body wt. or 5 ng/g body wt.) 
every other day for 2 weeks; 2 days after the fmal 
injections, the rats were euthanized and the femurs 
and tibias collected for bone densitometry. 

C. Analysis of Bones by pQCT 

The harvested long bones (femur and tibia) from 
each animal were stripped of all soft tissue and 
stored frozen in saline. After thawing, the bones 
were scanned by peripheral quantitative comput- 
erized tomography (pQCT) using a Norland 
Stratec XCT Research M Bone Densitometer. 
The standard analysis of each bone included 
three slices from either the proximal tibial meta- 
physis or distal femoral metaphysis and a single 
mid-shaft slice (see Fig. 1). The parameters evalu- 
ated from each slice included total bone density, 
trabecular bone density, cortical/subcortical bone 
density, and total area. 

D. Local Injection Studies 

This model has been used to test the anabolic 
response of other known osteoinductive stimuli, 
including BMP-2, PGEj, and CTGF (Li et al., 
1995; Safadi et al., 2003). Adult male rats (12- 
16 weeks of age) were anesthetized and a small 
area on the dorsal surface of the femur (Just distal 
to midshaft) was exposed surgically through a 
small skin incision. A tiny hole was made through 
the cortical bone using a 27-gauge bit on a dental 
drill and a Hamilton syringe was used to inject a 
minute volume (20 |iL) of saline containing 1 ^ig 
of the peptide into the marrow cavity. The hole was 
immediately plugged using bone wax, the incision 
was sutured, and animals recovered quickly and 
uneventfully. Control rats were injected with the 




FIGURE 1 . This is an illustration of the standard pQCT 
analysis of tibias and femurs. The image on the left is 
a longitudinal view of the tibia of a young adult female 
rat. All analyses of the bones included three slices from 
the proximal tibial metaphysis and a single mid-shaft 
slice (slice 1). 

same volume of saline or 1% BSA in saline. After 
1 week, the animals were euthanized and femurs 
removed for radiographic and histological analyses. 

E. Reagents 

Vitamin D-binding protein (DBP) and DBP- 
MAF were isolated from human serum via the 
procedures indicated in Swamy et al. (2001) and 
were kindly provided by Dr. N. Swamy, Boston 
University School of Medicine, Boston, MA. 
The 14 amino acid peptide utilized in these 
studies was designed based on the amino acid 
sequence of the human native protein in the 
immediate vicinity of the glycosylation site in 
the third domain. Both the glycosylated and 
nonglycosylated forms of the peptide were syn- 
thesized by AnaSpec, San Jose, CA. The amino 
acid sequence was.TPTELAKLVNKRSE. The 
glycopeptide fragment had an O-linked iV-acetyl 
galactosamine attached to the T at a.a. position 3. 

F. Statistical Analyses 

All of the studies conducted included a minimum of 
eight rats in each treatment group. Statistical signifi- 
cance was determined using two-tailed, unpaired 
T tests. Significance was established at ^ < 0.05. 
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III. RESULTS 

A. Newborn Systemic Studies 

When the indicated doses of human DBP-MAF or 
the 14 a.a, glycopeptide were administered to neo- 
natal rats for 2 weeks, there were significant effects 
on the long bones compared to the vehicle-treated 
animals. The effects were similar in both male and 
female animals, and, therefore, the results were 
merged. The parameters evaluated all demonstrated 
the same trends in each of the four slices and were 
seen in both the tibia and femur. The data from 
slice 4 (see Fig. 1) of the tibia will be presented as 
representative of the effects of these agents. 

Figure 2 illustrates the profound effect both 
the whole protein (DBP-MAF) and the peptide 
fragment had on total bone density after 2 weeks 
of treatment. Both treatments resulted in over a 
25% increase in bone density compared to the 
control animals. The whole protein and peptide 
fragment performed equally in increasing bone 
density < .0001). Increases in trabecular bone 
density and cortical/subcortical bone density both 
contributed to the increases illustrated in Figure 2 
(data not shown). The cross-sectional area of the 
proximal tibia also increased significantly in re- 
sponse to both treatments (Fig. 3). The endosteal 
circumference, periosteal circumference, and cor- 
tical thickness all increased in the animals treated 
with both agents (data not shown). Although the 
thickness of the bones increased in the treated 



animals, the overall lengths of the bones was not 
altered by either treatment (data not shown). 

B. Adult Systemic Studies 

The treatment of adult female rats with two doses 
of the glycosylated form of the peptide resulted in 
significant increases in total bone density (Fig. 4). 
There was Httle change in trabecular bone density 
in the adult animals (data not shown); the major- 
ity of the increase in total bone density was due to 
increases in cortical/subcortical density (Fig. 5). A 
nonglycosylated form of the same peptide was 
tested in the adult animals and again demon- 
strated a significant effect on total bone density 
(Fig. 6). There was little change in trabecular 
bone density, and, again, the cortical/subcortical 
density was the major contributor to the overall 
change in total density (data not shown). Unlike 
the neonatal treated rats, the adult animals did not 
respond to the peptides with an increase in the 
cross-sectional area of the slices evaluated; the 
bones did not grow thicker. As was seen in. the 
young animals, none of the treated animals had 
any change in bone length (data not shown). 

C Local Injection Studies 

A single injection of 1 \xg of the nonglycosylated 
form of the peptide into the red bone marrow of 
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FIGURE 2. Total bone density (newborn study). The 
total bone density of the proximal tibial metaphysis 
(slice 3) was highly significantly increased in animals 
treated with the whole protein (DBP-MAF) and a 
glycosylated form of the 14 a.a. peptide fragment, as 
compared to saline-treated controls. Bars represent 
mean (n = 8) ± SD. *** = p < 0.001. 
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FIGURE 3. Total cross-sectional area (newborn study). 
The total bone area of the proximal tibial metaphysis 
(slice 3) was significantly increased in animals treated 
with the whole protein (DBP-MAF) and the glycosylated 
form of a 14 a.a. peptide fragment, as compared to 
saline-treated controls. Bars represent mean (n = 8) ± 
SD. ** = p < 0.01, *** « p < o.oo^. 
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FIGURE 4. Total bone density (adult study). The total 
bone density of the midshaft of the tibia (slice 1) was 
significantly increased in animals treated with two doses 
of the glycosylated form of the 14 a.a. peptide frag- 
ment, as compared to saline-treated controls. Bars rep- 
resent mean (n = 8) ± SD. * = p < 0.05, ** - p < 0.01 . 



FIGURE 6. Total bone density (adult study). The total 
bone density of the midshaft of the tibia (slice 1) was 
significantly increased in animals treated with two doses 
of the nonglycosylated form of the 14 a.a. peptide frag- 
ment, as compared to saline-treated controls. Bars rep- 
resent means (n = 8) ± SD. ** = p < 0.01 , *** = p < 0.001 . 



adult rats led to the formation of new bone within 
seven days. Figure 7 is the X-ray of the injection 
site from both a peptide- and saline-treated ani- 
mal. There is no evidence of increased radiopacity 
in the saline-treated femur, but the peptide- treated 
bone shows evidence of new bone formation in the 
proximity of the injection site. Furthermore, the 
peptide-treated bone demonstrates greater radio- 
pacity in the adjacent cortical bone and trabecular 
bone in the distal femoral metaphysis. These 
results suggest that new bone had been formed 
around the injection site and bone density had 
been enhanced at the skeletal sites adjacent to the 
injection site. The saline injection appeared to 
have no eflfect on the bone and looked essentially 
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FIGURE 5. Cortical/subcortical bone density (adult 
study). The cortical/subcortical bone density of the 
midshaft of the tibia (slice 1 ) was significantly increased 
in animals treated with two doses of the glycosylated 
form of the 14 a.a. peptide fragment, as compared to 
saline-treated controls. Bars represent means (n = 8) ± 
SD. * = p<0.05,** = p<0.01. 



the same as a nontreated bone, radiographicaUy. 
Histological evaluation confirmed the X-ray find- 
ings. Figure 8 illustrates an extensive area of 
woven bone that was formed in the marrow cavity 
around the site of the peptide injection. It appears 
to be normal-looking cancellous bone, with its 
surfaces lined by active osteoblasts and osteoclasts. 
The newly formed cancellous bone is easily distin- 
guished from the previously existing cortical bone 
surrounding the injection site. 

ill. DISCUSSION 

In the studies presented, Vitamin D-bindingpro- 
tein-macrophage activating factor (DBP-MAF) 
and the peptide fragments of the native serum 
protein appear to demonstrate an anabolic eflfect on 
the bones of the treated rats. The systemic admin- 
istration of these agents elicits an osteogenic re- 
sponse in the bones examined, but did not show any 
signs of bone formation or calcifications at the 
injection sites. The peritoneal cavity was examined 
for evidence of calcification at the termination of 
the neonatal injection studies, and samples of tissue 
fix>m the subcutaneous injection sites from the adult 
studies were subjected to pQCT analysis and found 
to contain no areas of bone formation or calcifica- 
tion. Although detailed safety and toxicology stud- 
ies were not conducted, the treated animals showed 
no deleterious effects from the treatmenr, growth 
appeared normal, and gross inspection of the organs 
revealed no pathology. 
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FIGURE 7. X-rays of local injection. Radiographs of the distal femur of adult rats injected with a single dose of 
peptide (right) or saline (left). Radiopacity in the proximity of the site of peptide injection indicates osteoinduction 
in the bone marrow cavity. Bone density is also increased in the areas surrounding the peptide injection in both 
cortical and metaphyseal bone, indicative of osteogenesis. These features are absent in the saline-injected femur. 



The most dramatic efifect of both the whole 
protein and peptide fragments was in the neonatal 
animals- This was to be expected, because these are 
rapidly growing animals with high levels of meta- 
bolic activity in their long bones. The major ana- 
bolic effects were demonstrated as an increase in 
total bone density and in the thickness of the shafts 
of the long bones. None of the systemic injection 
studies led to increases in length of the long bones, 
suggesting that the compounds are acting primarily 
on cells of the osteoblastic lineage and are not 



effecting cells of the chondrocyte lineages — for 
example, the chondrocytes in the growth plates. 
The adult animals responded to the peptide treat- 
ment in a similar fashion to the neonates, but the 
changes in bone density were not as dramatic. The 
adult animals also did not show an increase in bone 
diameter, as was seen in the neonates. 

The peptides used in these studies were de- 
signed based on the assumption that the modified 
region of the native protein was the site responsible 
for the noted effects on the skeletal system. The 




FIGURE 8. H&E stained sections of the diaphysis from control (A) and peptide (B and C) injected femurs. (A) Low- 
power photomicrograph showing normal cortical bone (cb) and marrow (m) In a saline/BSA-injected control femur. 
There was no evidence of de novo bone formation in the marrow cavity. (B) Low-power photomicrograph of a similar 
region shown in (A), but in a peptide-injected femur showing extensive formation of new, woven bone (wb) within 
the marrow cavity around the site of injection. (C) High-power photomicrograph of bone formed in response to the 
peptide showing bony trabeculae (t) of the newly formed woven bone lined with rows of active osteoblasts (arrows). 
Magnifications: A and B = 60x; C = 340x. 
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fact that the 14 amino acid peptide worked as well 
as the whole protein in the neonatal systemic 
studies provided evidence that the assumption was 
correct. Apparendy, the modification of the native 
protein, by removing the terminal sugars from the 
glycosylation site in the third domain, uncovered a 
structural conformation that is responsible for the 
action of die DBP-MAF on the skeleton. The 
modified protein still contained one linked sugar 
residue. Our early studies used a glycopeptide, based 
on the assumption that the sugar was necessary for 
biological activity. This was not the case; the non- 
glycosykted peptide actually outperformed the glyco- 
peptide in the adult systemic studies. The amino 
acid chain alone appears to represent the conforma- 
tional backbone necessary for the peptide s influ- 
ence on the skeletal system. 

The systemic studies suggest that the response 
elicited by these agents is osteogenic, that is, bone 
is forming where bone had previously existed. The 
local injection studies provide fiirther evidence of 
the effects of the peptides. New cancellous bone 
formed around the site of the local injection, 
which was directly into the red marrow of the 
femur. Because there was no existing bone in this 
region, this study suggests that the agents are not 
only osteogenic but may be osteoinductive as well. 
This appears to be selective osteoinduction, be- 
cause bone was not formed at the intrapertioneal 
or subcutaneous injection sites. Most likely, bone 
marrow stromal cells in the red marrow that have 
the potential to differentiate into osteoblasts may 
be responding to the peptide signal and differen- 
tiate into mature osteoblasts and begin to lay 
down new cancellous bone. Unlike the bone 
morphogenetic proteins, which have the capacity 
to form bone by recapitulating the endochondral 
ossification cascade, these peptide signals initiate 
the intramembranous pathway of bone formation. 
New woven bone is evident by 7 days postinjection, 
with no cartilage present as an intermediate. The 
rapid induction of bone via local delivery would 
make the peptides potential therapeutic agents for 
a number of skeletal disorders. 

The local administration of these agents could 
be used therapeutically for fracture repair (in the 
case of potential nonunions), the correction of bony 
defects, spinal surgery, and as biological additives to 
the devices used in joint replacement. The out- 
comes of the local injection studies described here 



point out some of the potential advantages of these 
peptides over the cxirrentiy utilized bone morpho- 
genetic proteins (BMPs). Although the BMPs 
have been proposed as potential therapeutic agents 
for a number of years, their clinical application and 
utilization has finally been realized with respect to 
lumbar spine fiision (Boden et al., 2002; Walker 
and Wright, 2002). 

The results of the systemic studies suggest 
therapeutic opportunities for the administration of 
these novel anabolic peptides to treat disorders such 
as osteoporosis, osteogenesis imperfecta, osteopenias 
associated v^dth cancer, renal dialysis, long-term 
glucocorticoid therapy or even space travel. To date, 
the most widely studied and clinically approved 
anabolic bone agent is parathyroid hormone (PTH) 
and recombinant peptide fragments of the hor- 
mone. When PTH is administered intermittendy 
at relatively low doses, it results in an osteogenic 
response (Tam et al., 1982; Hock and Gera, 1992). 
PTH has been shown to be effective in the treat- 
ment of both men and women with osteoporosis 
(Kurland et al., 2000; Dempster et al., 2001). In a 
large study of postmenopausal women with os- 
teoporosis, Neer and associates showed that daily 
subcutaneous injections of recombinant human PTH 
(rh PTH 1-34) resulted in a dose-dependent in- 
crease in lumbar spine bone mineral density (BMD), 
as well as hip and total body BMD (Neer et al., 
2001). Like PTH, die peptide fragments of DBP 
have to be administered intermittendy to elicit an 
anabolic effect. PTH is most effective if given on 
a 24-hour cycle. The DBP peptides are most effec- 
tive in eliciting their anabolic effect if given on a 
48-hour cycle. In fact, the DBP peptides demon- 
strate very litde effect if administered daily. 

Although recombinant human PTH (1-34) 
peptide is the only anabolic agent approved for 
clinical use, it has some disadvantages from a pa- 
tient compliance perspective. The PTH drug has to 
be delivered as a daily injectable. It has not proven 
to be effective if given orally. A potential advantage 
of the DBP peptides is their small size. The studies 
described here were conducted with a 14-amino 
acid fragment. Preliminary studies have demon- 
strated that smaller peptide fragments have' the 
same anabolic effects on bone in adult, intact rats. 
These peptides not only increase total bone density, 
but also enhance the strength of the bone. We are 
currendy testing some of the smaller peptide frag- 
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meats of DBP via oral delivery to determine if 
these agents can be administered in pill form, 
thereby reducing costs and increasing compliance. 

At present, the mechanism by which these 
novel DBP peptides initiate their anabolic effects 
are unknov/n. The effects of these potential drugs 
are similar to those seen with PTH therapy. We 
are currently evaluating the effects of the DBP 
peptides in vitro. Primary rat osteoblast and bone 
marrow stem cell cultures have been treated with 
the peptides. Proliferation and markers for osteo- 
blastic differentiation and synthetic activity will 
be evaluated. 
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